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1 ABSTRACT

Spatial transformations are a key challenge for roamities and regions. The term is rooted in the
assumption that in the Anthropocene era, human whife and modern economic systems have led to an
unsustainable consumption of natural resourcesadiadlure to adhere to planetary limits, which mbitely
endangers the natural basis of human life (Engglkameling 2018, WBGU 2011).

Nowadays we see, in particular with the exampleliofiate change, how environmental threats of dffer
types and intensities affect cities and regionsréttes a strong demand for action. Cities antbmegare
thus directly affected by transformations. At tteame time, they define the spaces where approadhes o
action and implementation of instruments of spatiahning have the chance to make cities more isastie

and resilient to risks. Thus, active processes lwinclude the whole society are required (Engel and
Knieling 2018).

Such proceses as is likely to present many murdittiggawith a major challenge with many difficulsie
which raises the question of what options there fareproviding them support. The mega-trend of
digitalization affects almost all areas, includspatial planning (Pallagst et al. 2022). It carobserved that
digital tools have been increasingly used in spatlanning in recent years, offering new technical
possibilities. The paper will look in particulartae digital twin of the city of Helsinki and itelevant fields

of application. The city faces a variety of diffeteisks in terms of climate change (City of HeksiB019).
Recent research by the authors investigates whitdnpals the digital twin of Helsinki offers tofguort the
necessary transformative processes and triggeentigdt changes of strategies and methods in spatial
planning.

In order to measure spatial transformations, varideories and multi-level perspective approachas f
transformation research are already available &gblérian et al. 2019, Bauknecht et al. 2015, Eagdl
Knieling 2018). On this basis, the paper discusseshat extent digital tools, can be applied inesrtb
support transformation processes. In addition, paper intends to contribute to a methodology for
comparative case study research.

Keywords: Digital Twin, Digital Tools in Spatial &ining, Spatial Transformation, Helsinki, Climate
Change Risks

2 INTRODUCTION

The Digital Twin of the City of Helsinki is a digit 3D model that can be enriched with various satto
data. As a tool, it has already been establishadban development in Helsinki and is used, amahgro
things, for the visualization of planning scenayisgecific analyses and public participation (H&m&n
2021, Tuukkanen 2023, City of Helsinki 2022, CityHelsinki 2023).

Finland is one of the leading countries when it esno digitalization and the development of tecbguial
innovation. (Edquist and Hommen 2008).

Transition Theory teaches us that technologicabwation in the social system is created at a nietwel by
pioneers of change. In the case of sudden shogkescbut also slowly advancing mega-trends, press
exerted on the socio-technical regime. As a rediudt, mainstream becomes more open and technological
innovations have the opportunity to get establisimethe mainstream (Engel and Knieling 2018, WBGU
2011, Geels 2011, Grin et al. 2010).

Such mega-trends or crises very often have a Igiggal relevance. In the case of Finland, theskidec
dealing with risks related to the effects of climathange, ageing of society, social disparities, abso
digitalization itself. (Cit of Helsinki 2017, Purkhofer 2023).
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These issues have a direct spatial reference apacinon regions and cities. Spatial planning bunthe
instrumental possibilities to design the space Wwag that is necessary to deal with the challemfesega-
trends and crises.

In terms of spatial transformation, climate-relatddillenges, especially decabonization and adaptadi
changing conditions, are particularly relevant (&rand Knieling 2018, WBGU 2011).

The question therefore arises to what extent seghtachnological innovations, such as the digitaih tof
the City of Helsinki, that are being used in spapi@nning have the potential to support transfdrvea
processes and contribute to this.

This paperfirst deals with the theory of spatiahsformation, digitalization in spatial planningdaplanning
cultures as an important contextual field of reskalt then looks specifically at the digital twarh the City

of Helsinki. Among other things, it will be showow this tool is used in planning and it will be bzad to
what extent a contribution to spatial transformatis made by the digital twin. On the basis of the
knowledge gained, the conclusions are discusseditat be drawn from this for the methodological
approach. The steps that need to be taken intouatdo order to be able to measure a contributmn t
transformation processes are identified. For thepgee of future comparative case study research, a
standardized procedure is proposed.

3 THEORY BASED CONSIDERATIONS

3.1 The Phenomenon of Spatial Transformation

The term transformation goes back to the reflestion the Great Transformation. In Karl Polanyi'éd49
book of the same name, the term is used in commmewtith the processes of change in society relatade
changing conditions of the economic system durlrey Industrial Revolution (Ebner 2017). However, the
terminology "Great Transformation” is still usediay and usually describes processes of changecietgo
starting from mostly global mega-trends or crisés example of this can be the mega-trend of
digitalization. The social process of change thag¢sghand in hand with this would therefore be digit
transformation in this context. The goal of thensfarmation can be seen here as sustainable sbtalelnt.
Transformation research describes the examinatiochange processes of social systems towards more
sustainable structures as well as their supponh facscientific perspective (translated from Witteagnd
Holscher 2017).A strong interest in the researctrasfsformation is emerging, driven among othetaliac
by the dramatic sociocultural, political, econonaad technological challenges society faces (Regial.
2018, Bruns 2022).

Despite its applicability to many different topiesid trends, the discourse as a whole is very much
dominated by the topic of the environment as auesand basis of human life. In Germany, it is the
"Wissenschaftlicher Beirat der Bundesregierung @lebUmweltveranderungen” (translated: Scientific
Advisory Council of the German Federal GovernmemtGlobal Environmental Change) that enjoys great
attention in the scientific discourse with its poltion on the Great Transformation and sees
decarbonization as the main task here. The cuyr@nédvailing modern economic forms and consumption
practices in the world are seen here as the majgens for above all climate- and environment-esdat
mega-trends and crises of today. One of the trigddentified is that resource consumption is not
regenerative and planetary boundaries are notctspeAgainst the backdrop of the Anthropoceneiers,
therefore humans themselves who are having a negatpact on the environment and thus endangering
their own basis of life. On the other hand, the Aosmthemselves also have the influence to reatteto
dangers with a process of change. One can diffatertiere, whether this reaction from a pure sawill

and danger defence happens, or whether it is aregmbcess carried into the society, in which¢hange is
arranged in a union of the people. The latter éns#s the actual transformation process, sinseassumed
that such processes can only take place and suetekld level of society as a whole (Engel and Kme
2018, WBGU 2011).

Transition Theory aims to describe and explaindbeietal processes within the scope of transfoonati
The theory is based on the assumption that inmavatarise primarily in niche areas through so-dalle
pioneers of change (Engel and Knieling 2018, WB@W113. It goes back to Grin et al. 2010, who progdose
a multi-level perspective approach to the questidmow to be able to understand the process ofgeharhe
considerations in this regard have already beecusiéed and modified several times in the literatioe

m pos REAL CORP 2023: LET IT GROW, LET US PLAN, LET IT GROW
'd‘?\x@ Nature-based Solutions for Sustainable Resilient Smart Green and Blue Cities

Rkl 2.



Jonas Pauly, Karina M. Pallagst

example by Geels (2011) and by WBGU (2011). Aceardb this theory, transformation is understood as
comprehensive change of socio-technical systemthelrtheory, the dominant socio-technical regimeés
meso-level. Above this is the macro-level and belbus the micro-level. Both levels affect the smci
technical regime. The macro-level forms the extenmmtext, meaning overarching themes from which
mega-trends are derived (Engel and Knieling 20IBg macro-level thus influences the events of dugos
technical regime and puts pressure from it (GeBlkl From below, on the other hand, the microlleve
affects the socio-technical regime. This is théheitevel. Here, the so-called pioneers of changeaad
develop technology and innovation outside the nigeas of the meso-level (Engel and Knieling 2018).

According to the theory, the actual process of ghaoccurs at the moment when, at the level of mega-
trends, sudden shocks or long-term but fundametriaks put the socio-technical regime under such
pressure that a restructuring of the system isefbrét this moment, the socio-technical regime spgn to

the developments of the niche level and enabldsntdogical innovation to become established in the
mainstream (Engle ans Knieling 2018).

Transition Theory with its Multi-Level Perspectigpproach “serves as a middle range theory” (ZoHagh
2019). Transition research relies on creative pmtgation of the result obtained through the Muéisel
Perspective method, making it clear that despite dttempt to quantify, qualitative methods have an
important place (Geels 2011, Zolfagharian 2019).

The concept of spatial transformation is direcéiated to the great transformation and transfexdevel of
consideration to the spatial context. Sustainableldpment plays a key role in urban and regiolairpng
(Knieling and Kreschmann 2016, United Nations n.@he establishment of sustainability as a planning
principle, often also defined as a principle indiedocuments, can be observed worldwide. Howewer, t
relevance of the spatial perspective also stems fite fact that threats directly affect spaces emeate
direct pressure for taking action among cities aegions. At the same time, the administrations and
organized civil society have the possibility andmpetence to shape the space at the respective
administrative level, e.g. of a city, in such a vihgt necessary steps to cope and manage chande can
implemented. Cities or urban spaces in particulweha special potential to foster exchange between
different groups and movements and thus have &play inventive and experimental power to deyelo
innovations (Engel and Knieling 2018, WBGU 20119s§lble courses of taking action for municipalities
include the adaptation or creation of necessarastifuctures, spatial development adapted to neds)¢he
adaptation or creation of new governance proceggeg&rnance structures and working methods, and an
adapted prioritization of financial support andestments.

The spatial scope in the study of transformatioe ha important meaning in transformation research.
According to Engel and Knieling 2018, transitioredhy raises the question of concrete spatial ciomdit
They identify a further need for spatial researereh

3.2 Topical Planning Cultures and digitalization in spdial planning

Pallagst et al. investigated shrinking cities agradow for possible changes in planning culturethsframe

of the EU project PlanShrinking (2010-2015). Inardb derive a typology of planning cultures apgie

for the context of shrinking cities, the authors dified Othengrafen’s culturized planning model
(Othengrafen 2010) describing the general contéxlanning cultures towards shrinkage (see figure 1
Figure 1 demonstrates general criteria of planmiulgure, supported by a specific criterion for shking
cities: shrinkage context. “Societal context” diasd the “backbone” of a planning culture with agarof
more general understandings, “planning context’cdlees the beliefs of the planning profession, and
“planning toolset” refers to the methods at hanlte €ategory “shrinking context” comprises thosesatp
which might trigger change in planning cultures tlushrinkage and its implications on urban develept
and planning reactions.

In addition, the PlanShrinking research traced revpreconditions for the joint research of plamnin
cultures and shrinking cities:

Both topics -- planning cultures and shrinkingedsti-can be labelled emerging topics in spatial rptan
Just like planning cultures, shrinking cities hédexn widely underrepresented in international coaipe
urban and regional research.
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Societal context

Underlving and unconsdous, taken-for-granted
beliefs, perceptions, thoughts affecting planning

Planning context
Shared assumptions, values etc.
taken-for-granted by the planning

Planning toolset
Visible planning
products, structures
and procssses

Shrinking context
Change in view of shrinking dties

Figure 1: Facets and layers of planning culturéwéference to shrinking cities, Source: Pallagst 2013.

The shrinking city phenomenon is a multi-dimenslopeocess, comprising cities, parts of cities or
metropolitan areas that have experienced dramatiing in their economic and social bases. Urhsoline
and the loss of employment opportunities are cjosieked in a downwards spiral, leading to an out-
migration of population (Pallagst, 2008). Howewespite the fact that globalisation is a trigger ddban
shrinkage, economic transformations do not afféatiees in the same way; on the contrary, shrggkaan
show very different characteristics depending dional, regional and local contexts (Cuningham-$ainal
Fol, 2007). Research on planning cultures is lysa#tributed to a national context of a plannsygtem —
however, this also involved different levels ofpplng (from national to local).

Planning cultures serve as an academic concephvidiacking an evidence base, whereas shrinkitigsci
is a planning challenge vividly engaging practiganand academics likewise in search of urbangiomal
solutions.

The author’s previous research on shrinking citiesle clear that planning cultures can be investitjay
evidence based research utilizing the shrinkingsiphenomenon. Nonetheless, planning offers agitof
topics potentially serving as windows of investigat for planning cultures — one of them being
digitalization. Research by Sorensen (2015) furthmeferpins this argumentation: He suggests thainpig
cultures might change when faced with as he ddltgitical junctures of institutional change amuhovation

in planning systems” (Sorensen 2015). One of thateal junctures might be the context of digitaliion.

Thus one of the aims of this paper is to shiftwivedow of investigating planning cultures from #ndence
base of shrinking cities towards the realm of diiggfation. The following paragraphs will make asfir
attempt in order to derive preconditions from sking cities research for the field of digitalizatio

In a first attempt to conceptualize planning cidgiand digitalization, the author suggests a resdeaame

(see figure 2) derived from the facets and laydrplanning culture in terms of shrinking citieseés
figure 1). This research frame (figure 2) addstdlgiation as a new component to the planning cailtu
context.
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Societal context

Underlving and unconsdous, taken-for-granted
beliefs, perceptions, thoughts affecting planning

Planning context
Shared assumptions, values etc.
taken-for-granted by the planning

Planning toolset
Visible planning
products, structures
and processes

Digitalizationcontext
Challenges in view of the spatial
implications of digitalization

Figure 2: Facets and layers of planning culturé wéference to border regions, Source: Own desagedon Pallagst et al., 2013.

Pallagst et al. (2022) framed first ideas for aarapve definition of planning culture. Accordinglylanning

cultures are defined as follows: “Planning cultueesompass the societal aspirations towards plgrnits

processes and its outcomes. It refers to the valndsshared beliefs of stakeholders involved immilag,

and the methods and tools they are applying anduging. Planning cultures are not static but canibta
evolving in line with societal changes or plannietated challenges. Planning cultures as we senitoe
attached to specific territorial entities, be itioas, sub-nations, regions, or cities — most likeut not

necessarily within administrative boundaries. Iditidn, they can be attributed to cities or regibasing to

face specific planning problems”.

The research on changing planning cultures in vdéwdigitalization will certainly add to the notioof
topical planning cultures.

Digitalization has been a field of action in sphitievelopment for quite some time. Building on the
digitalization trend and starting from the approathdigital and networked smart cities, the synspsi
networked digitalization and spatial developmens baen planned and researched since the turn of the
millennium (Hollands 2008). At the core of this more efficient management but also a broader
understanding of sustainable and more efficientamrldevelopment (Leitheiser and Follmann 2019;
Herrschel 2013). In the highly competitive segmehtmart cities, standardized platform solutiorenfr
large international IT or consulting firms are oftémplemented (Hollands 2015). Furthermore, an
international discourse has been established iearek that critically reflects the smart city mowarn
(Grossi and Pianezzi 2017). Smart cities also naetito be an issue in German urban developmertypoli
as manifested, among other things, in the Smayt Chiarter presented in 2017 (BBSR 2017). According!
digital development should take place in the sefiseistainable and integrated urban development.

Digitalization has an impact on spatial planningl @evelopment in various fields of action (Speketoet

al. 2021). With regard to services of general ggerand the centrality of settlements, this enaalesw
perspective on the principle of equal living coimis. Likewise, the use of different digital toalsch as
Artificial Intelligence, visualizations and platfor solutions poses new requirements for the desfgn o
planning, decision-making and participation proessdhis, in turn, has consequences for the plgriools
and the competencies of spatial planners and atiters in the planning and development process.

While smart cities as a concept have been widalgareched, there is a lack of references and ansviters
regard to the design of the nexus of digitizatiom aspatial planning and development for resilience,
sustainability and transformation.
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Furthermore, there is still limited research ontth@sformative forces of these concepts for thekbgment
of cities and regions. There is a lack of fundarakergsearch on the effectiveness of smart toolsceyts
and applications. Questions that such a concepaiin of smart spaces should encompass include:

To what extent can cities and regions use the aligitansformation as an opportunity for spatial
development?

What is the role of model projects? What are thatiap effects of these concepts, and where are the
opportunities and limitations?

Whether and to what extent are methods, instrumamdsparadigms of spatial planning changing in this
context in the course of digitization?

While not all of these general research questiansbe covered in this paper, the following paralgsapill
shed light on the digital twin as a potential tobfostering spatial transformations with the exéenpit the
city of Helsinki.

4 THE DIGITAL TWIN OF THE CITY OF HELSINKI

4.1 Planning cultural Context of Helsinki and Finland

Helsinki is the capital city of the Republic of Eind and is located in the south of the countryhencoast
of the Gulf of Finland of the Baltic Sea. Admingirely, it forms the Finnish capital region togattwith

the cities of Espoo, Vantaa and Kauniainen. Thescdre strongly intertwined spatially and togetioem a
large-scale agglomeration with approximately 1.Riom inhabitants (Statistics Finland 2023a). Thiy of

Helsinki is located in the centre of this regiorddras a population of just over 660,000 (Statidticdand
2023a).

About 5.5 million people live in the entire Repubbf Finland (Statistics Finland 2023a). In Finnlétere
are a total of 293 municipalities (Purkarthofer avdttila 2023). In terms of administrative tasksanm
areas of competence lie with the municipalitiese Tdtal identity of the people is therefore mostisongly
related to the municipality. At the medium admirasive level in Finland, the country is dividedant8
regions, in which the respective municipalities arganized into regional councils on the one hamnd, 15
Centres for Economic Development, Transport and Ehgironment on the other hand. The Swedish-
speaking Aland Islands are excluded from the abstaed administrative structure. They have an
autonomous status and have an independent admiiviststructure (Purkarthofer and Mattila 2023).

Finland is very rural overall and extremely spargebpulated, especially in the northern municijesit
Overall, the country has a population density dfy@bout 16 inhabitants per square kilometer (Stias
Finland 2023a, NLS 2018). This contrasts sharplthwhe highly urbanized capital region with 1,533
inhabitants or Helsinki alone with 3,073 inhabitapier square kilometer (Statistics Finland 2023aS N
2018). In terms of Finland's demographic structiires noticeable that the population is ageingisT¢an
also be seen in the population projections. Fomge, the population in the 0 to 44 age groupspeeted

to decline by 2040. This contrasts with the popotagroup of 75-year-olds and older, where a vényrg
increase is forecast. Here, too, the capital regtands out from the statistics for the countryaashole.
Although the older population cohorts are also etgx to increase here, at the same time there is no
discernible downward trend among the younger ceh@8tatistics Finland 2021). Overall, Finland is
experiencing increasing immigration from other doies, but this is most visible in the more urbaxiz
areas, such as the capital region. At the same tintbe context of intermunicipal migration moventgin
Finland, it can be observed that many people mowe frural areas to urbanized areas (Statisticsafthl
2023b, Statistics Finland 2023c). Finland is chi@r@med by a rural exodus.

In terms of the economy, industry and services Iptdly an important role in Finland. In urbanizedas,
however, there are particularly many employeeshen dervice sector. In rural areas, agricultureedoy,
wood production and paper production can be idedti&s important in the industrial sector, in castrto
urban areas. In these areas, there are particldagg numbers of employees on the rural side i€8tat
Finland 2022).

Culturally, Finland is characterized by a self-imags a country with a geogrpahically and politicall
peripheral location (Purkarthofer 2023). It canalssumed that in this context, a social sense gftduidapt
to global political and economic trends and movetmi@m the one hand and personal responsibility with
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regard to growth and prosperity on the other haad ko a country with a certain openness with tetgaa
culture of learning from failure, trial and errondainnovation. The country's technology and inniovat
policy deliberately creates an environment to Iggkence, industry and administrative authoritied &m
strategically promote start-ups in the innovatieehhology sector. Since the mid-1990s, Finland has
experienced a strong economic upswing with thiatetyy and is considered one of the world's leading
countries in terms of innovative strength (Edgaisi Hommen 2008). In this context, Finland is alsen as

a model country with exemplary function in the dieif digitalization.

This cultural background also plays an importate o spatial planning and illustrates the mindsehind
the approach of meeting solutions to existing tagiks new technological possibilities and a willivess to
experiment. Furthermore, the historical backgroah&inland also influences the planning culturahtext.

In this context, the era in which Finland belongedhe Swedish kingdom and the era in which Finlaad

a grand duchy in the Russian Empire should be meedi in particular (Purkarthofer 2023). Despite the
country's independence since 1917, influences toth eras can still be found in culture and archibe
today. Linguistically, for example, Swedish islsdilwidely spoken language in Finland. As a coumtith a
very rural landscape and hardly populated area$ose relationship to nature plays an importang fial
society, despite the noticeable urbanization amdl rexodus since the 1950s. The contrast between th
traditionally rural structures on the one hand #mel modernization and investment developments én th
urban areas on the other hand often leads to ctsfhi society. In addition, social disparitiesthhavithin
urbanized areas and between urban and rural alsascause tensions in society. Finland is trauktly a
welfare state. The fact that the state providestliereconomic security of the individual is an impot
value. Against this background, the aforementiosecial disparities trigger social and political atiarse
(Purkarthofer 2023). These spatially relevant issaee crucial in the context of capturing the piagn
context.

On the other hand, environmental issues shoulth@oinderestimated when examining the key challeafes
spatial transformation. In a publication, the Gify Helsinki has analyzed how it is affected by @im
change. Among the important factors identified thie risk of flooding due to rising sea levels atairas

with heavy rainfall, as well as the general incesisprecipitation in the winters, which can leaditamatic
amounts of snow or a high safety risk in road tteds temperatures rise and hover around the frggmint
more frequently than before. However, rising terafimes in summers are also increasingly perceisesl a
problem, both as a health risk for people and thsemt to native species of flora and fauna (Citidelsinki
2019). In planning, on the one hand, there is &ig¢mwareness of the need to make decisionsakaithe
dangers into account (City of Helsinki 2019) and, tbe other hand, sustainable urban development and
mobility as a specific set of issues (Purkarth@@23).

In terms of systematizing the cultural factors nmmd, these can be applied to the extended theory
according to Knieling and Othengrafen describedaantion3.2. Additionally it includes the contexttbe
spatial transformation.The following table summesizome important factors.

» Self-image as peripheral geographical and politmedtion of Finland
* Rural character and closeness to nature

Societal context | «  Experimental mindset with an open culture of leagnifrom failure and
innovation

Welfare state

General
Context

* Rural exodus and urbanization processes
e Sustainable urban development and sustainable ityobil

» Rather low understanding of overall planning amdrajer focus on single objec
development with focus on design and architecture

Planning context

—

» Dealing with risks associated with climate charmgpacts
e Ageing society
e Social disparities

Spatial
transformation

e Good digital infrastructure
Digitization » High social relevance
» High level of innovation through exploitation ofyitial opportunities

Specific
Context

Table 1: General and Specific Context aplied tocdee of Helsinki, Finland
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When dividing the various factors into the indivadidields of context, it becomes clear that somatso
cannot be clearly assigned in terms of contentthatla different division would also be conceivalilds
important to remember that the Specific Context leore concrete part of the Planning Context aatlthie
Planning Context is a more concrete part of thaedaicContext. In the case of spatial transfornmtior
example, all points also fit into the planning @it Therefore, it is necessary to analyze beforélvehich
of the points that play an important role in corivec with the planning context also represent atreén
mega-trend in society, and especially in world osi

According to the theory of Knieling and Othengraftre planning artifacts are still missing for angete
consideration of the planning cultures. Here, tlaming system is considered in particular. Esplgcibe
different administrative levels, relevant legal doents, formal planning instruments and plans witkir
legal effects, and relevant actors are to be censttd This structure is also followed by the sdechl
"Country Profiles" of the Academy for territoriakeRelopment in the Leibniz Association. In specases, it
may also be necessary to deal with exceptionaknmédb planning instruments or working methods. The
following explanations are taken from the "Courrpfile" for Finland by Purkarthofer and MattilaZ3)

In the case of Finland, the relevant levels arerthgonal level, the regional level (in particuldve 18
regions with the regional councils) and the muratlpvel. The legal basis for the planning instratseat all
these levels is the Land Use and Building Act 089.9At the national level, there are the "Natiobahd
Use Objectives". These are general, central idaueghich corresponding goals are formulated. Thmish
federal government, in particular the Ministry ¢ietEnvironment, is responsible for this. The define
objectives must be observed and taken into accautiie regional planning level. At the regionaldethe
"Regional Land Use Plan" is the central instrumefdre, non-parcel-specific representations of lireead
areal structures are mapped on topics such assinfcaure routes, protected zones, settlement aneds
development areas. The Regional Council is resptndor this. The plan has legal force for the
development of plans at the Municpal level. At Benicipal level, there are two different formal prang
instruments. First, there is the "Local Master Pldimis maps similar issues to the plan at theargji level,
but has a higher degree of detail due to its sgdbin only one municipality at a time, and alsofpens the
function of zoning the various land uses. Here,dbeelopment visions of the municipalities are presd,
which have a legally binding effect on the secamgtrument at this level, the "Local Detailed Plafhis
plan has the purpose of developing a specific aigan a municipality. It can define, among othbings,
permitted land uses, number of stories, buildinigtits, certain design regulations, and other piitbiis
and restrictions. It forms the basis for buildirgymits for structures. The Municipal Council ispessible
for both the Local Master Plan and the Local DethiPlan (Purkarthofer and Mattila 2023).

Despite the structure of the planning system, ifictvispecific sectoral planning topics are integtdtethe
sense of integrated planning, especially in thegi®teal Land Use Plan" or the "Local Master Plathié t
understanding of planning is rather less coordieatbut more strictly local and design-oriented
(Purkarthofer 2023).

In the specific case of Finland and Helsinki, irdiéidn to the formal planning tools, it is necegstw
mention that innovative digital possibilities arereasingly being applied and tried out in planramgl are
now established as a working method in many Finoises. Among these, the case study considereg her
the digital twin of the City of Helsinki, should lmeentioned. It will be explained in more detailtie next
two sections.

4.2 Development and Technical Issues

Digital twins as a tool or software program haveitttorigins in the industrial sector, where theg ased in
manufacturing to increase productivity and efficggrand are used in the fields of "designing/plagnin
optimization, maintenance, safety, decision makiegjote access, and training, among others" (Sength
2021). It is a “dynamic digital representation of3B-designed product or solution which, in the most
optimal cases, represents the same features awillggahe same information as its physical couteip
(Hamalainen 2021). Applied to the context of thgitdi twin of a city it is thus a 3D city model tfie
physical city. But it is a “solid data infrastruotuforms the foundation for [...] digital twins” arfas to be
enriched by “city data, such as energy consummiidraffic data” (Hamalainen 2021).
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The beginnings of the City of Helsinki's digitalibngo back to considerations in the 1980s. At timag, the

city had seen the need to simplify processes rklateroad maintenance and construction. The many
different departments responsible for differenthtécal infrastructure, such as telephone, wateesipr
electricity, was identified as a problem, as eaepattment only had its own data available. The idea
therefore to share and connect these data with ethen. This provided a first use case. Howeveithin
early stages of development, it was a simple 2lefinap that was developed, but digital and therefore
flexible in terms of how the map could be used aprdata. Over time, more and more use cases weeel ad
and the map has finally evolved into a 3D modehefcity (Tuukkanen 2023).

Important actors in the development of the digitéh of the city of Helsinki were and are the C8wurvey
Department of the city administration and also phigate sector. The City Survey Services of they @it
Helsinki have the responsibility to provide the ibadata for the creation of the model, so in patc the
modeling of terrain, to map the topography, as wslithe built environment. This involves, for exdenp
taking measurements, but also flying over the befilvironment from various perspectives. The private
sector with companies in the field of software depment play an important role in the technical
development of the tool, since here the City ofditidi can access the necessary expertise and cesolm
addition, however, individual pioneers or visioeariwith the relevant competence function are also
important in order to be able to implement existithggas. In the case of the city of Helsinki, a magothe
time provided the necessary budget for developrdaatto his personal affinity for architecture amtdan
planning. The main user of the digital twin is thdban Planning Department of the City of Helsinkhich
uses the tool in urban development. However, thezether city departments that interface with asel the
tool. Citizens also use the digital twin, on thedrand for public services and on the other hankinthe
context of participation processes initiated byltliban Planning Department (Tuukkanen 2023).

The digital twin of the City of Helsinki was buifipecifically for the needs of the city. Two basigital
models have been created. On the one hand, thére lmesh model, which does not contain exact dapda
but offers a more detailed modeling and is theeeforinly used for visualizations, and on the otieand,
the GML model, in which each object has an exacirgermation, which can be stored with data, and in
which measurements can also be performed. Therdf@esML model is usedmainly for analytical use. |
particular, the terrain, building bodies, but afsrtly underground areas and the interior of bogddi are
modeled. Each object in the model has a uniqueadigasd ID. This makes it possible to bundle dabanfr
different departments in the same model. The dityitiz is thus also a platform for data collectiand links
the various application areas and users, enabloggdinated collaboration. Points, lines, surfaced a
volumes in the model can be used to visualize #ta.d he digital twin is also linked to the poffal openly
accessible data, the "Heslinki Region Infosharelu@kanen 2023, City of Helsinki 2022).

4.3 Application in Urban Planning

The digital twin of the city of Helsinki is used liiye city administration for urban planning and basady
established itself here as a tool and working nathepatial planning (Tuukkanen 2023).

Many different functions can be used in planning.tdaditional urban development, the plans forrthei
implementation lead to a Local Detailed Plan. la gneparatory planning process, however, the deaéts
visualized with the help of the digital twin. Thisakes it possible to compare different planninghades
with each other and also to use them in the cordExtublic participation integrated in the tool (Liof
Helsinki 2023). At the same time, urban planners use basic functions of the GML model, such astpk
different spatial perspectives, shading at certames of the day and year, and measurements (City o
Helsinki 2022). As a result, the digital twin ofetleity of Helsinki is a kind of new and innovativdormal
planning tool that can be used as a multifunctiooall

The tool is not only mutlifunctional, but also mséctoral. There are many different use casesgecial
topics in spatial planning. On the one hand, tlesebe used within the specific spatial planningae but

on the other hand, they are also available to gemfor coordinated planning, e.g. for the develeptof
new urban areas. Planners can thus map differentetic analyses into the model and superimpose ésem
needed to make data- and fact-based decisions. HHsishappened, for example, in the development of
Helsinki's Smart City lighthouse project, the raliitation of old harbour areas to develop the Katkama
urban district (Hamalainen 2021).
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The city of Helsinki presents some of these settma cases on its website (City of Helsinki 2023)ese
include, for example, the visualization of dataadfers and possible plans in the field of mobiliyalysis,
the visualization of radiation on building surfadesthe analysis of solar energy potential, theuglization

of technical infrastructure for the optimization mkintenance and planning and execution of cortgiruc
works, the modeling of inner-city trees, the sdezhUrban Tree Database, for use in the maintenahtte
tree population, but also in the preparation ofessary environmentally relevant documents in permit
procedures in urban planning, as well as the pliojeof heat islandsin the city, which also makss of
weather data (City of Helsinki 2023, Tuukkanen 2023

Not all of these use cases are openly accessibfgedally in the case of data on critical infrastanes or
sensitive information to which individual peopleutab be linked, the city is the exclusive user af thol.
Despite the numerous possibilities offered by tiw, tit is currently still mainly used for developnt and
planning, especially the visualization of plannisgenarios, analytical sectoral factors and citizen
participation. Not yet strongly used are the pabsés in the daily city operations, which can be
implemented with the help of technologies suchasars, machine learning and artificial intelligentn
this area, the tool offers much more potential aodld be the next step in the tool's development
(Tuukkanen 2023).

5 CONTRIBUTION TO SPATIAL TRANSFORMATION

In order to be able to make a conclusion abouttmribution of the digital twin of the City of Hghki to
spatial transformation, the first question to bé&edsis which transformative process exactly is fein
considered here. In addition to the core topicpaitial transformation, the management of issuevael to
climate change, there are other mega-trends, suderaographic change or digitalization, that ateveat

in the context of societal transformative processes

It can be stated without a doubt that the digitahtof the city of Helsinki makes an important adimation
to climate-related issues related to global warrmang the goal of decarbonization and adaptatioth¢o
changing conditions cities are confronted with.

There are many use cases of the Digital Twin whéening decisions are supported by data, anabsés
visualizations of planning scenarios with regardgtstainable urban development. For example, thiésto
application functions have the purpose of highligiptpotentials for the development of emission-free
energy production. The projection of heat islandlsencity makes it possible to recognize whererugetion

Is needed, for example, to create more resilieatap with greening. Mobility analyses enable thatesgic
planning of sustainable mobility offers and promibierefore sustainable urban development.

The contribution to coping with a spatial enviromtag transformation process is definitely givenwewer,

the impact on the consequences of the mega-treakihwite change is not extraordinarily high, and atso

be compared with other projects that have a siroilgput without using digital twins. On the othani, the
digital twin as a technological innovation in sphtplanning makes many processes easier. Congidrin
enormous challenges faced by municipalities, tle¢ tdfers enormous advantages and puts the City of
Helsinki in a privileged position here comparedtber cities. The administration of the City of klaki is
responsible for tasks that other cities in the dianre responsible for, too. In the era of criségitalization

and increasing regulation of public tasks and cdemzes, the City of Helsinki has a tool in thenfioof the
digital twin that takes away some of the complexityd enables the city administration to work more
efficiently. Ultimately, this also benefits effortis achieve sustainable and resilient urban devedop.

When considering digital transformation, the cdnition to the transformative process can also be
confirmed. Both the transformation in terms of @bachange-related issues and digitalization detraiesa
direct connection with the functions and effectsh@ tool on the working methods in the city. Rararly
with regard to the digital transformation, it cam $een that the impact is extraordinarily highthespublic
tasks from different areas and departments aretifunatly linked with each other and the work beceme
more efficient. The digital twin of the city of Hghki is thus a project that is driving digitizatiin the city
very strongly and has the potential of having dlu@ntial impact on other cites as well.
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6 CONCLUSION FOR METHODOLOGICAL CONSIDERATIONS FOR FU TUR RESEARCH

From the example of the Digital Twin in Helsinkijs possible to reflect on the methodological apgh to
analyze the contribution of an innovatiove digitabl used in spatial planning to spatial transfdrom
processes.

Transition theory can be used in transformatioeaesh to identify transformative processes as simchto
trace their development and course. It is importaotvever, that the specific element to be measisred
longer in the realm of the niche, but has alreadgitdished itself at the regime level.

It is important to clearly define a coping and ngeraent objective for the mega-trend or crisish&sis the
only way to check whether the development of tleh@iinnovation and its establishment at regimel heite
contribute to fulfilling the coping and managemebjective. The goal here should not be to fullyiech
the coping objective. Since spatial transformatian be a very long process that is usually appezhéiom
many different directions, it is unlikely that tle®ntribution of a single aspect alone will achighe
complete coping and management.

However, when comparing the impact of an innovateastablished at regime level with a potential
contribution to a defined coping and managemengativie, the question arises as to its quantifighilin
order to assess the existence of a contributioly, the general knowledge of solution approacheth&
mega-trend or crisis in question prevailing at tinee of the analysis can be applied. This resuitshie
necessity of naming the corresponding solution @ggres in advance, at least roughly and with reéer¢o

the specific topic of the innovation. In the cadectimate change, for example, a solution approach
according to the prevailing current state of knagle would be the creation of inner-city green spalféhe
impact of an innovation, such as a tool that idexgtigreen space potentials, is matched with itgrimution

to addressing climate change, the contributionbmnonfirmed by this finding. However, the expresspf

a contribution can vary widely even when it existherefore, it is recommended to categorize the
contribution, based on different levels of expressPossible categories could be:

« only an indirect contribution
« direct contribution with low or no extraordinaryparct on the mega-trend
e direct contribution with extraordinary impact oretmega-trend

This categorization in turn creates quantifiabititya certain degree.

When considering an innovation, however, it canpeapthat the contribution of different sub-aspestgh
as different functions of a ditial tool, are alss@ssed in different ways. Therefore, care mutiken in the
procedure not to combine different aspects to sendjuished in the investigation.

The following figure summarizes the consideraticegarding the methodological approach.

Digital innovative Tool already It's beginnings Evaluation of Contribution
. : 5 at the niche level * No contribution
established in t!1e mainstream B S i TR
of the regime level *  Direct contribution
| Impacts *  Direct contribution with
on the regime extraordinary impact
1 I 1 I T
Differentiation of partial aspects |
! ' ! ' Comparison
Megatrend or Crisis Coping Objective Solution approaches
addressed by the digital Tool to overcome shock/crisis to archive the objective

Figure 3: Proposed methodological approach to araiynd evaluate the contribution of a technologizadvation in spatial
planning to a transformative process by makingafstke Multy-Level Perspective approach of trawsittheory; own design
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However, it also became clear that for a holisiewof a technological innovation in spatial plammi
further components must support the analysis. iRgisides, in particular, the identification of tpinning
culture context, taking into account the specifimtext of digitalization and the relevant mega-trenr
crisis.

Another component to be added is the observatidheofligital tool itself. Development, functionsdaactor
structures must be identified. The technical dinmnsplays a particularly important role here. The
methodology proposed so far is not yet able to mpiish enough in this regard. With the goal of
applicability for future case study research, axadadised research grid is needed in this areacdvat
measure technological, functional and data-basedrfa There is a need for further research inares.
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